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SUMMARY: Research on community structure and dynamics has been carried out in a Cystoseira zosteroides commu- 
nity from Tossa de Mar (Northwestern Mediterranean). The Mediterranean endemic Cystoseira zosteroides is a rheo- 
philous and sciaphilic species that occours in reduced areas from the circalittoral zone, always below 15 m deptli. 
Cystoseira zosteroides is the dominant species in a widespread association previously described as Cystoseiretum zoster- 
oidis by means of phytosociological methods. Other Phaeophyceae such as Dictyota dichotoma, Halopteris filicina and 
Cladostephus hirsutus are seasonally abundant in the community. Encrusting algae (e.g. Lithophyllum incrustans, 
Mesophyllum lichenoides, Pe~)ssorlrlelia rosa-marina) cover the entire substrate and represent a high percentage of the 
total biomass. Alga1 biomass ranges between 1250 and 1900 g dwt mP2 (including calcareous algae) and percentage 
coverage ranges between 130 and 360 %. Species ricliness and species diversity are high in comparison with other 
Mediterranean Cystoseira communities; these features have been related to the coexistente of photophilic and sciaphi- 
lic algae within the community. Areas of 900 cm2 are recommended in order to collect representative samples of the 
community. There is a great structural and functional variation al1 along the year as it occurs in other Mediterranean 
phytobenthic communities. The production phase occurs in spring, while the diversification phase occurs in late 
summer and autumn. Growth of Cystoseira zosteroides and other conspicuous algae seems to be mainly limited by light 
availability in winter, although nutrient availability probably limits growth in summer. A spring growth of primary 
laterals partially supported by photosynthetate translocation from the tophules placed in the bases of such branches is 
suggested. Annual production of Cystoseira zosteroides has been estimated to be 24 g C mP2 y-l and overall community 
production arnounts to 81 g C mP2 y-l. These production values are similar to those obtained in other light-limited 
phytobenthic communities. 
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RESUMEN: ESTRUCTURA Y DINÁMICA DE LA COMUNIDAD DE Cystoseira zosteroides (TURNER) C. AGARDH (FUCALES, 
PHAEOPHYCEAE) EN EL MEDITERRÁNEO N ROCCIDENTAL -- Se analiza la composición específica, la estructura y la 
dinámica de la comunidad de Cystoseira zosteroides de Tossa de Mar (Mediterráneo noroccidental). Cystoseira zoste- 
roides, endémica en el Mediterráneo, es una especie reófila y esciáfila que aparece en áreas muy concretas de la zona 
circalitoral, siempre por debajo de los 15 metros de profundidad. Es la especie dominante del Cystoseiretum zosteroi- 
dis, una asociación ampliamente extendida por todo el Mediterráneo occidental, previamente descrita mediante méto- 
dos fitosociológicos. Otras feofíceas como Dictyota dichotoma, Halopteris filicina y Cladostephzis hirsutus son estacio- 
nalmente abundantes. Las algas incrustanies (Lithc~phyllum incrustans, Mesophyllum lichenoides, Peyssonnelia rosa- 
marina) cubren todo el substrato disponible y constituyen un elevado porcentaje de la biomasa total. La biomasa alga1 
oscila entre 1250 y 1900 g ps mP2 (incluyendo las algas calcáreas) y el recubrimiento se sitúa entre el 130 y e1 360 % . La 
riqueza específica y la diversidad son muy elevadas en relación a otras comunidades mediterráneas de Cystoseira; esto 
se ha atribuido a la coexistencia de algas fotófilas y esciáfilas en la comunidad. En base al estudio de las curvas 
especiestárea y diversidadtárea, se recomiendan áreas de 900 cm2 para obtener muestras representativas de la comuni- 
dad. Hay una gran variación estructural y funcional a lo largo del año, como ocurre en la mayoría de comunidades 
fitobentónicas del Mediterráneo. La fase de producción tiene lugar en primavera y la fase de diversificación a finales de 
verano y en otoño. El crecimiento de Cystoseira zosteroides y otras algas conspicuas de la comunidad parece estar 
limitado por la disponibilidad de luz durante el invierno aunque la baja disponibilidad de nutrientes probablemente es 
la responsable del escaso crecimiento estival. Sugerimos que el crecimiento primaveral de los rámulos está parcialmen- 
te mantenido por  la translocación de substancias de reserva desde los tófulos hacia los ápices. La producción anual de 
Cystoseira zosteroides se ha estimado en 24 g C m-2 añop1 y la producción de toda la comunidad alcanza los 81 g C mP2 
añop1. Esta producción es parecida a la de otras comunidades fitobentónicas marinas limitadas por la luz. 
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Data about the floristic composition of the circalit- 
toral rocky bottoms of the Mediterranean Sea is scar- 
ce. The main reason for this is the difficulty of direct 
sampling with SCUBA at depths where circalittoral 
communities develop. Nevertheless, the structure 
and dynamics of circalittoral communities deserve at- 
tention, not only because of their floristic singularity, 
very rich in Mediterranean endemics (BOUDOURES- 
QUE, 1973), but because such cornmunities are a pa- 
radigmatic example of oligotrophic environments 
with such low irradiance levels that light usually is the 
limiting environmental factor for seaweed growth. In 
the Cystoseira zosteroides community, that interest is 
furthered by the wjde bathymetiric distribution of the 
genus Cystoseira in Mediterranean waters (GIAC- 
C o N c  & BRUNI, 1973). Ira previoais papeirs I I-aave stu- 
died other Cystoseira cornmunities from shallow wa- 
ters: the Cystoseira mediterranea community, from 
exposed places (BALLESTEROS, 1988a), and the Cys- 
toseira caespitosa community from sheltered places 
(BALLESTEROS, 1990b). The study of the deep 
water community of Cystoseira zosteroides may allow 
us to find the way the different environmental condi- 
tions affect the growth and the species distribution 
inside the cornmunity. Cystoseira zosteroides is a per- 
ennial species with an erect thallus monopodically or- 
ganized. It is characterized by the presence of 
smooth, spaced, subulate, vesicles (tophules) 
situated at tl-ie bases of primary branches, and by the 
existence of receptacles at the bases of secondary lat- 
erals (GIACCONE & BRUNI, 1973) (Fig. 1). Cystoseira 
zosteroides usually appears in the circalittoral zone 
(BOUDOURESQUE, 1985) but it can occasionnally ap- 
pear in the lower levels of the infralittoral zone if 
deep water upwellings are regularly present (GIAC- 
CONE, 1977). It is distributed throughout the 
western Mediterranean (GIACCONE, 1970) with the 
exception of the Alboran Sea and neighbouring areas 
(GIACCONE, 1974). Cystoseira zosteroides is the 
dominant species in a community described by GIAC- 
CONE (2973) and named Cystoseiretum zosteroidis 
which occurs on rocky bottoms exposed to strong 
unidirectional currents and with light ranging be- 
tween 1 % and 0.3 % of surface irradiance (GIACON- 
NE & BauNn, 1973). This association has been de- 
scribed from some areas of the Italian coast (GIAC- 
CONE & SOWTINO, 1974; BATTIATO et al., 1979), the 
Frerich coast (FELDMANN, 1937; BOUDOUKESQUE, 
1973; VERLAQUE, 1987) and the Spanish coast 
FIG. 1. - Kepresentation of a thallus of Cystoseira zosteroides 
showiiig holdfast (h), stipe (S), tophules (t), receptacles (r) and 
branches (b). ( X  1) (drawing by J. Corbera) 
(BALLESTEROS, 198" GILI & ROS, 1985; BOISSET & 
GARCIA CARRASCOSA, 1987). 
The objectives of the present study are: 
- To make a quantitative analysis of the Cystoseire- 
tum zosteroidis. 
- To increase the knowledge of dynamic processes 
that occur in the Cystoseiretum zosteroidis. 
- To estimate the primary production of Cystoseira 
zosteroides and other outstanding species in the 
community , 
- To relate structural patterns and functional 
aspects of the community of Cystoseira zosteroides 
to the environrnental factors that can limit 
seaweed growt1.i at the depths where the commu- 
nity develops . 
T11e sanrlpling asea is located on a small islaand off 
Tossa de Mar (NW Mediterranean, 41' 48' N - 2' 26' 
218 E. BALLESTEROS 
E). Biological and environmental characteristics are 
extensively commented on by BALLESTEROS (1984). 
The community of Cystoseira zosteroides appears in a 
reduced area of the bottom situated on the NE slope 
of the island, between 14 and 19 m depth. It is limited 
above by the Codkum vermilara community (BALLES- 
TEROS, 1989a) and below by soft bottoms corre- 
sponding to the biocenosis of the coarse sands and 
fine gravels subject to bottom currents (SGFG) (PÉ- 
RES, 1967). 
Samples to establish the community structure 
were taken seasonally (February, May, August, 
Pdovember) by scraping off al1 organisms (BOU- 
DOURESQUE , 1971) including encrusting algae . $am- 
ples were collected as 16 subsamples of 10 x 10 cm2 
arranged in a reticulate manner (BALLESTEROS, 
1986), which corresponds to a total sampling area of 
1600 cm2. Each subsample was carefully sorted in the 
laboratory. Abundante was quantified as coverage in-a 
cm2 and biomass (g dwt), using procedures described 
in BALLESTEROS (1986). Species/abundance matrices 
were obtained for each sample, with each xij repre- 
senting the biomass (or coverage) of the species i in 
the subsample j. Specieslarea curves, diversity (Shan- 
non)/area curves, homogeneity/area curves and the 
variation of the variance: mean ratio for the biomass 
distribution related to sampled area were computed 
'Y ?i 
from these matrices. The following structural pa- 
rameters, described in BALLESTEROS (1986), were 
estimated : 
-- Biomass. 
- Coverage. 
- Species richness (R): the number of specles corre- 
sponding to the Calleja point 5. lo-' in the speciesl 
area curve. 
- Specific distrlbution (k): value of k defined as 
k - e-bla 
where a and b correspond to the slope and the 
ordinate axis intersection in the specieslarea curve 
fitted with a semilogarithmic function 
y = a l n x  + b 
where y is the number of species and x the area 
sampled in cm2. 
- Molinier 2015 point (NEDELEC, 1979): the 
sampling area a t  which a 20 % increment in 
sampling area resulted in a 5'30 increment in spe- 
cies number. Ht can be corisidered as a qualitative 
minimal area. 
- Species diversity (A): asymptotic value of diversi- 
ty when the diversitylarea curve is fitted with a Mi- 
chaelis-Menten function. 
- Pattern-diversity (S): surface corresponding to the 
Calleja point 1. 1iIp3 iri the diversitylarea curve 
fitted with a Michaelis - Menten function. This 
surface obviously corresponds to the area at which 
diversity is practically stabilized, so it is related to 
the structural minimal area. 
Species were also qualified by their ecological 
preferences, and the relative abundances of the main 
ecological supergroups (BOUDOURESQ~E , 1985) 
were considered to typify the community. 
Species terminology follows criteria established 
by BALLESTEROS (1990b). 
Production studies were performed during the 
year 1983. Branch production of Cystoseira zoster- 
oides was estimated by means of their biomass cycle. 
A sample of 1600 cm2 was collected each two months. 
Thalli of Cystoseira were sorted into four compart- 
ments of different morphology and turnover: 
holdfasts, stipes, tophules and branches. Branch bio- 
m a s  was correeted fsr the average biomass of 
holdfasts and stipes to estimate population branch 
biomass, assuming linearity between branch biomass 
and stipes and holdfast biomass at each sampling pe- 
riod (BALLESTEROS, 1984). 
%n order to evaluate the production of holdfasts, 
stipes and tophules, al1 the thalli of Cystoseira zoster- 
oides from an area of 1600 cm2 were tagged. 
Tophules of each thallus were counted on 9/1/1983 
and the 9/1/1984. Tagged thalli were collected and 
biomass of the different compartments was calcu- 
lated. Knowing tophules formation in relation to 
number of tophules, and tophule blomass of the po- 
pulation of Cystoseira zosteroides, tophule produc- 
tion per square meter and year can be estimated as 
n 
Nt2 
for each i with Nt2 > Ntl 
where 
Nt2 = number of tophules at t2 
Ntl = number of tophules at tl 
Bt2 - biomass of tophules at t2 
n - number of tagged thallj 
f = correction factor to convert tophule biomass of 
the sample to whole population tophule biomass. 
The production of holdfasts and stipes was esti- 
mated by counting the number of tophule whorls for 
each tagged thallus. The age of each thallus can easily 
be estimated by taking into account that a new whorl 
of tophules is created every summer (pers. obs.). 
Thus, production of holdfasts and stipes can be esti- 
mated as 










